To examine the effectiveness, acceptability and sustainability of interventions to reduce vitamin B12 (B12) deficiency in South Asian women before conception. SUBJECTS/METHODS: A 6-month randomised controlled trial conducted in Auckland, New Zealand. Participants (62 South Asian women, 18-50 years old) were stratified by dietary practices, then randomised to three treatment groups: B12 Supplement (oral cyanocobalamin 6 μg/day) (n = 21), Placebo (n = 21), or B12 Dietary Advice (n = 20). Primary outcome measures were changes in B12 biomarkers (serum B12 and holotranscobalamin (holoTC)) at 6 months. Dietary B12 intake was estimated from a B12 food-specific frequency questionnaire (B12FFQ). Intention-to-treat analysis was applied using 'last observation carried forward' method. Changes in B12 biomarkers by treatment were compared using analysis of variance. Pearson's correlations tested relationships between dietary B12 intake and B12 biomarkers. RESULTS: At baseline, 48% of women tested as insufficient or deficient in serum B12 ( o222 pmol/l) and 51% as insufficient or deficient in holoTC ( o45 pmol/l). B12 status was moderately correlated with dietary B12 intake (r = 0.5, 95% confidence interval (CI) (0.3-0.7)) and 44% of women reported insufficient dietary intake (o 2.4 μg/day). B12 Supplement was the only treatment group to record a significant increase in B12 biomarkers over 6 months: serum B12 by 30% (95% CI (11-48%)) and holoTC by 42% (12-72%). CONCLUSIONS: The prevalence of B12 insufficiency among Auckland South Asian women is high and moderately correlated with inadequate intake of foods that contain B12. Cyanocobalamin supplementation (6 μg/day) was associated with improved B12 biomarkers, with a potential to improve preconception B12 status in South Asian women. 
INTRODUCTION
Adequate dietary supply and stores of vitamin B12 (B12; a methyl donor in one-carbon metabolic pathways) are essential across the life-course for normal growth, development and function. [1] [2] [3] [4] B12 deficiency is considered rare in New Zealand (NZ), with public funding for B12 supplements, 5 decisions on folic acid supplementation 6, 7 and management of B12 deficiency 8 all orientated towards addressing B12 deficiency in older adults with B12 malabsorption.
In India, between 40-75% women of childbearing age have low B12 concentrations, 1, 3, 9 with evidence of functional B12 deficiency (increased concentrations of homocysteine and methylmalonic acid). 1, 9 The deficiency is linked to intergenerational dietary patterns that are low or absent in animal source foods; patterns historically influenced by culture, religion, geographic origins, family/ community customs and food availability. 4, 10 Maternal B12 deficiency may contribute to persistent metabolic or functional abnormalities in offsprings across their life-course. 11, 12 The longitudinal Pune Maternal Nutrition Study in India found associations between maternal B12 deficiency during pregnancy and low muscle mass with increased insulin resistance and relative adiposity in offsprings at 6 years of age. 1 These effects were more pronounced when mothers were low in B12 but high in folate. They add to the already recognised offspring risks associated with B12 deficiency---poorer pregnancy outcomes, 13,14 impaired cognition 2 and increased incidence of neural tube defects. 15, 16 There has been little attention to B12 deficiency in NZ women of childbearing age. One NZ study of 124 migrant Indian women (mean age 39.8 ± 9.8 years) found that 59% with vegetarian and 38% with non-vegetarian dietary practices tested as either deficient (o 150 pmol/l) or marginally deficient (150-221 pmol/l) for serum B12 concentrations. 17 Strategies to assess and improve B12 status in young South Asian women before conception need to be investigated.
The inclusion of a wide variety of nutritious foods in the diet is the preferred public health advice to prevent micronutrient deficiencies, rather than supplementation with vitamins. 18 Two focused strategies to improve B12 status are B12 food-specific dietary advice or low-dose supplementation. Better understanding is needed of how tailored dietary advice compares with an equivalent low-dose oral B12 supplement for improving B12 status in women with insufficient dietary B12 intake. The purpose of this study was to identify how B12 status could be improved over 6 months in a group of South Asian women of childbearing age by using either tailored dietary advice or a daily B12 supplement capsule (6 μg). The hypothesis was that dietary advice would be more effective than a daily B12 supplement or placebo. The primary outcome was change in B12 biomarker concentrations over 6 months. Other outcomes were sustainability and acceptability of the treatment.
SUBJECTS AND METHODS

Study design
This was a three-arm randomised controlled trial to compare treatments for improving B12 biomakers over 6 months. The three treatment arms were: 6 μg cyanocobalamin supplement daily, placebo daily, or B12 dietary advice.
A sample size of 62 particpants was determined to detect a mean change in serum B12 of 66 ± 71 pmol/l over 6 months (attrition rate of 20%, 80% power, α level of 5%), assuming the same effect as that seen for the daily provision of milk (0.96 μg B12 in 200 ml) to 120 children in Kenya. 19 The trial was registered with the Australian New Zealand Clinical Trials Registry (ACTRN12610000262000). Ethical approval was obtained from the AUT University Ethics Committee. Six focus group interviews undertaken with South Asian community members and health professionals before commencing the clinical trial provided inputs on community priorities for managing B12 deficiency and guidance for culturally appropriate conduct of the trial.
Participants
Sixty-two South Asian women aged 18-50 years living in Auckland, NZ participated in the 6-month trial. Non-random participant recruitment was used; participants self-selected to be a part of the study by responding to recruitment advertisements in local news media or learning of the study through South Asian community contacts. Participants responded to a screening question and were subsequently assigned to one of the two strata based on either meat-eating or non-meat-eating dietary practices. A third party person not directly involved with the randomised controlled trial randomly allocated participants from each strata into a research treatment group using a stratified random assignment process determined by a sequence-matched random number allocation table. The Placebo and B12 Supplement groups were double blinded, but it was not feasible to blind the Dietary Advice group. Exclusion criteria included women with major health conditions, malabsorption disorders, pregnancy or breastfeeding and consumption of medicines, such as metformin, proton pump inhibitors, B12 injections or B12 supplements ( Figure 1 ).
Procedure
At baseline, medical history and demographic information, age, ethnicity, religion, occupation, number and ages of children and duration of residence in NZ were recorded. Fasting blood samples, anthropometric measurements and estimations of dietary B12 intake (B12 food-specific frequency questionnaire (B12FFQ)) were collected at baseline and at 2 and 6 months. Participants fasted overnight for 12 hours before blood test sampling. Venous blood (15-20 ml) was drawn from the antecubital fossa. The primary outcome measures were serum B12 and holotranscobalamin (holoTC) for B12 status. Full blood count was also measured with ferritin, and iron studies were requested if iron deficency was suspected.
Serum B12 and folate were measured using the Modular Analytics E170 immunoassay analyser (ISO accredited laboratory Diagnostic MedLab, Auckland, NZ). The samples for holoTC were collected in a heparin tube (4 ml) and transported on ice before being centrifuged at a university laboratory for 10 min at high speed (5800 r.p.m.) using the Z150A compact lab centrifuge (Labnet International Inc., Edison, NJ, USA). Plasma was aliquoted into storage tubes, placed temporarily in a − 4°C freezer, before being transferred to a − 80°C freezer within 4 weeks. Samples were then forwarded in two batches to the local health board laboratory for measurement of holoTC using AxSYM Active-B12 microparticle enzyme immunoassay analyser (Abbott Laboratories, Abbott Park, IL, USA). An internal control sample of plasma was forwarded in both batches to measure inter-batch consistency.
A 30-item, researcher-administered food frequency questionnaire, developed for the VitB12 study, was used to estimate dietary B12 intake at baseline and at 2 and 6 months. The B12FFQ grouped foods into dairy, red meat, white meat and seafood, baked goods and fortified food categories. Participants recalled the type, quantity and frequency of these foods consumed over the previous 3 months. The nine different frequencies of consumption of a particular food ranged from 'never', 'one time per month or less' through to 'six or more times per day'. These were used to calculate average daily dietary B12 intake.
Participants in the Placebo and B12 Supplement groups were advised to swallow either one cyanocobalamin or placebo capsule with a full glass of water each day for 6 months. Repeat bottles of capsules were delivered to participants at 2 and 4 months. Sustainability and adherence to the treatment were assessed from the number of capsules returned over the 6-month period.
Dietary Advice group participants received verbal and written guidelines on how to increase or maintain consumption of B12-containing foods in order to meet the 2.4 μg minimum recommended daily intake (RDI) for B12. 18 The individualised guidelines were based on food preferences recorded in the participant's B12FFQ collected at baseline. Sustainability Lost to follow-up (n=5). Reasons:
• Self-withdrawal from study: reasontoo busy (n=1) • Did not respond to follow-up appointment requests (n=1) • Discontinued intervention -received B12 injection from own doctor (n=3)
Analysed (n=21). Includes:
• Imputed data using last results carried forward (n=1)
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• Imputed data using last results carried forward (n=5) Random allocation ME strata (n= 9)
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Stratified by current meat-eating (ME) and non meat-eating (NME) dietary practices (n=62) Figure 1 . CONSORT 50 diagram of participant flow through the VitB12 randomised controlled trial.
and adherence were assessed through the B12FFQ sampled at the 2-and 6-month data collection visits. Participants were contacted during the week following the implementation of all treatments and again after the 2-month data collection. Where indicated for the Dietary Advice group, the dietary guidelines were modified or reiterated. Acceptability for all treatments was determined from participant reports of experiences and any adverse effects.
Statistical analysis
Predictive Analytic Software (PASW) Edition 18 (IBM, Chicago, IL, USA) was used to conduct statistical analyses and for graphical representation of data. Missing data for measures of B12 markers and dietary B12 intake were included in primary analyses using intention to treat where the last measurement or test result was carried forward to the next measurement point. 20 The 95% confidence intervals (CIs) on Pearson's correlation coefficients and analysis of variance were calculated using a Microsoft Excel algorithm. 21 Literature-derived cutoffs were used to define deficient (serum B12o150 pmol/l, holoTCo35 pmol/l), [22] [23] [24] insufficient (serum B12 150-221 pmol/l, holoTC 35-44 pmol/l ) or sufficient B12 status (serum B12>221 pmol/l, holoTC>44 pmol/l). 15, 24, 25 Baseline characteristics were compared between treatment groups using analysis of variance for normally distributed data and Kruskal-Wallis for skewed data (Table 1) . Skewed data (B12 biomarkers and B12 dietary intake) were log-transformed before further analysis. The effect of group treatment on the change in B12 biomarkers was tested using analysis of covariance with simple planned contrasts to determine the influential group treatment. Pearson's correlation coefficient tests were used to explore associations between the main outcome measures (change in B12 biomarkers) and other potentially biologically related continuous variables. The three variables with a moderate (r ⩾ 0.5) correlation (age, dietary B12 intake and capsule adherence) to the main outcome measures were included as covariates in the analysis of covariance, and the Bonferroniadjusted significance was determined. 26 At baseline, Pearson's correlations were used to measure associations between estimated dietary intake from the B12FFQ and B12 biomarkers.
The adjusted coefficient of determination (R 2 ) was used to quantify the magnitude of association between variables. Changes in B12 biomarkers and dietary B12 intake are reported as a comparison in percentage difference over time using the exponential of the log-transformed mean and 95% CI. 27 
RESULTS
There was a 15% attrition rate, with 51 participants completing 6 months of treatment (Figure 1) . The groups were similar for baseline characteristics except for holoTC, which was higher for the Dietary Advice group than for the B12 Supplement and Placebo groups (P = 0.03; Table 1 ). At baseline, 48% of the participants were insufficient or deficient in serum B12 and 51% were insufficient or deficient in holoTC. All had sufficient folate status (27 ± 8.1). No participant had macrocytic anaemia (haemoglobin (Hb) ⩽ 120 g/l, mean corpuscular volume ⩾ 99f/l). Microcytosis (mean corpuscular volume ⩽ 80 f/l) was present in 10 participants, and follow-up serum ferritin tests revealed iron deficiency in eight of these. The remaining two were unexplained.
At baseline B12FFQ and serum B12 measurements, B12 status was moderately correlated with dietary B12 intake (r = 0.5, 95% CI (0.3-0.7)) and 44% women reported insufficient dietary intake (o 2.4 μg/day). The women (n = 22) who reported eating both white and red meat had almost double the serum B12 and holoTC concentrations compared with those who did not (Table 2) . These participants were the only group to report a median dietary B12 intake at or above the RDI.
Change in B12 biomarkers among treatment groups The B12 supplement treatment was associated with substantial increases in both serum B12 (geometric mean increase of 30%, 95% CI ) and holoTC (42% (12-72)) over 6 months ( Figure 2) . The mean change in B12 biomarkers, when compared between treatment groups, was significant for the B12 Supplement group only (serum B12, P = 0.001-0.005; holoTC, P = 0.001-0.018). There was no significant change for the Dietary Advice or Placebo groups (serum B12, P>0.99 and holoTC, P = 0.60). When change in dietary B12 intake was controlled for, group treatment predicted 36% of the change in serum B12 and 22% of the change in holoTC (Table 3) . When supplement adherence was taken into account (Placebo and B12 Supplement groups only (n = 39)), group treatment predicted 38% of the change in serum B12 and 22% of the change in holoTC (Table 3) . Capsule adherence accounted for 27% of the change in serum B12 at 2 months for the B12 Supplement group (r = 0.52, P = 0.02, (95% CI (0.11-0.78)) but a non-significant 15% of the change at 6 months (r = 0.39, P = 0.08, (−0.05, 0.7)). At 2 months, capsule adherence accounted for 22% of the change in holoTC (r = 0.47, P = 0.03, 95% CI (0.05-0.70)) but a non-significant 2% of the change at 6 months (r = − 0.04, P = 0.76, (−0.40, 0.46)). When capsule adherence was high (76%) for the B12 supplement group, it was associated with a significant change in B12 biomarkers, but when supplement adherence dropped to 59%, there was an insignificant change in B12 biomarkers. There was a nonsignificant relationship between capsule adherence and change in B12 biomarkers for the placebo group.
Change in B12 intake and correlation with B12 biomarkers Reported dietary B12 intake from baseline to 6 months increased by 35% (95% CI (2-68)) in the Dietary Advice group, with no significant change in the other two treatment groups.
The reported increase in dietary B12 intake for the Dietary Advice group was not associated with a significant increase in B12 biomarkers ( Figure 2 ).
DISCUSSION
Half of the South Asian, Auckland, NZ-based women of childbearing age in this study had either deficient or insufficient B12 stores. Women with vegetarian dietary practices were more at risk, but non-vegetarian dietary practices did not exclude low dietary B12 intake or low B12 biomarkers. The high rate of low B12 status in this VitB12 study population is consistent with two other published studies identifying South Asian women 17 and preadolescent girls 28 as being more at risk from B12 deficiency due to insufficient dietary B12 intake than the general NZ population. Dietary B12 intake may also be low for other populations of women of childbearing age in NZ. In the 2008/2009 NZ Adult Nutrition Survey, 14% of all women and 22% of women aged 19-30 years reported an inadequate dietary B12 intake. 29 During pregnancy, B12 deficiency may go undetected as it is not a part of the routine antenatal blood screening in NZ. 30 Although adequate preconceptual folate status is justifiably emphasised, 6 there is minimal emphasis on preconceptual B12 status.
In 2006 (the latest published population census), South Asians numbered 3% of the NZ population of 4.2 million; double the number recorded in the 2001 census. 31 These changing population demographics, plus a number of other factors, make B12 deficiency in women of childbearing age an important public health issue. These other factors include an increase in vegetarian or low meat-eating dietary practices among women, 29 increased costs for B12-containing foods 32 and increased consumption of medicines that inhibit B12 absorption, such as proton pump inhibitors 33 and metformin. 34 The VitB12 study findings support low-dose oral cyanocobalamin supplementation as being effective in improving B12 status for women with insufficient dietary B12 intake, but this improvement plateaued over 6 months. When supplement adherence was high (76%), this was associated with a significant change in B12 Abbreviations: ANCOVA, analysis of covariance; ANOVA, analysis of variance; CI, confidence interval; CV, covariate; holoTC, holotranscobalamin; LL, lower limit; R 2 , adjusted coefficient of determination; UP, upper limit. ANOVA/ANCOVA on log-transformed change in serum B12 or holoTC over 6 months with planned simple contrasts, ANOVA/ANCOVA reported as F. a 95% CI of ANOVA.
b Significant difference for the B12 Supplement group at P ⩽ 0.001 (group identified from planned simple contrasts). c Significant difference for the B12 Supplement group at P ⩽ 0.025.
d A Bonferonni adjustment applied, so significance accepted at P ⩽ 0.025. Dietary B12 intake analysed as change in intake over 6 months. Capsule adherence measured over 6 months.
biomarkers, but when supplement adherence decreased to 59%, B12 biomarker changes were not statistically significant. Further research is needed on appropriate supplement dose and frequency regimes. For example, a higher physiological dose (20 μg) may be more effective if taken less frequently. Research into medication adherence with bisphosphonate medicines 35 and iron supplements 36 found that weekly dosing schedules were associated with higher medicine adherence than daily dosing schedules. A higher dose of cyanocobalamin may accommodate a lower adherence rate and still be effective in improving B12 status. Currently, the only publicly funded medication for the treatment of B12 deficiency in NZ is a 1000 μg intramuscular B12 injection. 5 A publicly funded, low-dose oral B12 supplement has potential as a non-invasive, low-cost intervention that women could selfadminister to prevent B12 deficiency.
The dietary advice treatment in the VitB12 study was not associated with improved B12 biomarkers, even though median reported intake of dietary B12 increased. Although nutritional advice is recommended as a first-line strategy to address dietary deficiencies such as B12 deficiency, 18 the VitB12 study findings support that more evidence is needed on how to translate that advice into effective dietary practices. Strategies such as assessing readiness for change 37 and providing support groups so women can discuss ways to alter traditional foods to increase their B12 content may improve dietary B12 intake. The B12FFQ collected information on foods and quantities eaten but did not include details such as food preparation and cooking, which may influence the bioavailability of B12 from some foods such as eggs and milk. 38, 39 Future advice could also focus on food preparation and cooking methods that maximise B12 bioavailability.
The VitB12 study was sufficiently powered to detect a significant change in B12 biomarkers in the B12 supplement group; however, it may not have been sufficient to detect a change in the Dietary Advice group. The sample size was calculated on the basis of a study with children, using milk as the supplemented food and in a controlled study situation. 19 This differs from the population of childbearing age women, the recommendation of a variety of foods to be consumed and the free-living study environment of the VitB12 study. A larger number of participants may have been required in order to detect a statistically stronger and biologically meaningful difference.
The lack of B12 biomarker change in the Dietary Advice group may also be because 14 out of the 20 women were already sufficient in B12 at baseline; B12 transport proteins would not upregulate to increase B12 absorption in the same way as they would during B12 deficiency. 40, 41 Difficulties in meeting the RDI of 2.4 μg/day 42 on a vegetarian diet may also have contributed to the lack of response in the Dietary Advice group. Milk and yoghurt were the main B12 foods consumed, and the requirement for 2-3 servings per day to meet the RDI was a challenge. Findings from two studies of relationships between dietary B12 intake and B12 biomarkers suggest that the RDI may be set too low and between 4 and 7 μg dietary B12 per day is needed to maintain B12 sufficiency. 43, 44 Foods consumed also influence this requirement. A study in Pune, India investigated supplementation with buffalo milk. 45 There was an increase in both serum B12 and holoTC concentrations and a decrease in plasma homocysteine concentrations in response to supplementation with 400 ml of buffalo milk (B12 content 2.5-3.8 μg/l) every day for 14 days for the 29 lactovegetarian participants with a serum B12 o 148 pmol/l. 45 Sustainability of intake for longer periods was not investigated, and buffalo milk has a higher B12 content than that recorded for cow's milk, but these findings are consistent with other published studies that report a high bioavailability of B12 from dairy products. 43, 44 This supports further research into increasing dietary intake of dairy products over a sustained period of time in order to improve B12 intake for South Asian women with lactovegetarian dietary practices. It may also be appropriate to consider fortification of culturally preferred foods such as tofu or rice that are a staple part of the diet. B12 in fortified food (usually cyanocobalamin) does not require acid hydrolysis, hence it is better absorbed than B12 from natural B12 food sources. 44 Testing for holoTC as well as serum B12 to determine B12 status provided a more comprehensive picture of B12 status for women in this study than serum B12 testing alone. HoloTC reflects cellular availability of B12 for DNA methylation and can detect tissue depletion even before the metabolites from functional deficiency start to rise. 25, 46 The VitB12 study used cutoff values for depletion and deficiency that reflect the risks associated with insufficient cellular B12 (Table 2) 47 rather than the traditional deficiency cutoffs that reflect when macrocytic anaemia 48 and neurological deficits occur. 41 Although participants were stratified and randomised into groups, the groups were not evenly matched on the critical biomarker of holoTC. During deficiency, transport proteins for B12 absorption are upregulated, increasing B12 absorption. 41 This may contribute to a part of the rise in holoTC for the B12 Supplement group compared with the Placebo and B12 Dietary Advice groups.
There are limitations to collecting B12 dietary intake information via a FFQ with under-and over-reporting of nutritional intake well documented. 49 Although the FFQ in this VitB12 study had a moderate association with B12 biomarkers, the uncertainty of B12 dietary intake throughout the treatment period could have contributed to the variance in B12 biomarkers. It was also not possible to blind the Dietary Advice group, therefore the participant and researcher knowledge of this group allocation was another potential source of bias. CONCLUSION B12 deficiency is common in South Asian women of childbearing age in Auckland, NZ, with the highest risk of deficiency in those with low or non-meat-eating dietary practices. Given the associations between maternal B12 deficiency in pregnancy and epigenetic changes that increase offspring risk of insulin resistance and neural tube defects, these findings have implications for closer monitoring and prevention of B12 deficiency in women where low or non-meat dietary practices are common. This VitB12 study provides preliminary support for physiological doses of oral cyanocobalamin supplementation as an effective and acceptable strategy for improving B12 status preconception. However, the effectiveness of the 6-μg dose in this study was associated with supplement adherence, and when adherence decreased, so did supplement efficacy. Future recommendations include researching a higher dose taken less frequently. Options also include fortification of culturally specific foods. The dietary advice treatment in this study did not improve B12 status. Further research may explicate how this advice can be delivered in a more effective, acceptable and sustainable way.
